INTRODUCTION
Insects often exhibit extreme morphology (Emlen & Nijhout, 2000) . The exaggerated traits are commonly sexually dimorphic and are often expressed in males. Beetle horns are among the most well-known examples of such traits and numerous studies have revealed the competitive advantage associated with the possession of large horns (Eberhard, 1979; Siva-Jothy, 1987; Rasmussen, 1994; Emlen, 1997; Moczek & Emlen, 2000; Pomfret & Knell, 2006) . Most of these studies indicate that horns are used as weapons in male-male contests (Eberhard, 1980) . Males larger than a critical body size develop disproportionally long horns (major males), whereas smaller males develop only rudimentary horns (minor males). In many taxa, minor males adopt alternative tactics to avoid direct competition with large males and gain access to females (Eberhard, 1982; Emlen, 1997; Siva-Jothy, 1987) .
On the other hand, there is little information on postcopu latory behaviour in the context of sexual selection (Cook, 1990; Okada & Hasegawa, 2005; Trillo, 2008; Halffter & Favila, pers. comm.) , although this informa- Eur. J. Entomol. 113: 207-211, 2016 doi: 10.14411/eje.2016.025
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Takamado in Nara city (34°67´N, 135°86´E). After collection, head horn length and prothoracic width of 79 male beetles were measured and analyzed using the models of Kotiaho & Tomkins (2001) . The fi rst model tests if the relationship between horn length and prothoracic width can be expressed as a simple allometric relationship:
in which Y is horn length; X prothoracic width; α 1 the regression coeffi cient and ε ~ N(0,s 2 ) the residual error. Values of α 2 that differ signifi cantly from zero indicate a more complex relationship. A further analysis was carried out to determine if the relationship between horn length and prothoracic width, as a measure of body size, is piecewise linear:
in which Y 0 is the threshold or switch point value; D = 0 if Y < Y 0 or otherwise D = 1, and β 1 the regression coeffi cient. The optimal value of Y 0 was identifi ed to give the maximum value of adjusted R 2 calculated using SPSS Statistics version 19 (IBM, Japan). In Eq (2), if β 3 is signifi cantly different from zero using the optimal switch point value, then the dimorphism is judged as discontinuous at Y 0 . If β 3 is not signifi cantly different from zero, the slope parameter β 2 identifi es a continuous dimorphic pattern if the value of β 2 is signifi cantly different from zero. Based on results from Eq (2), males were categorized as either a major or minor morph based on the estimated threshold value of the dimorphic pattern.
Three experimental groups were compared: 20 rearing containers each containing two males (one minor and one major male) and a randomly selected female, 10 containers containing only one major male and a randomly selected female and 12 containers containing one minor male and a randomly selected female. The prothoracic widths were the same for four male pairs.
All containers (11 × 16 × 15 cm) were around two-thirds full of soil with 50 g of deer dung and were placed on the fl oor of the forest on the campus of Nara Women's University, Nara City (34.68°N, 135.82°E). Females constructed nests in all the rearwith the female by providing food for the progeny but does not participate in brood-ball care. However, the male may stay in the nest for the fi rst month, although some variation exists between species (Halffter & Edmonds, 1982) . This behaviour may be considered as post copulation mate guarding.
The aim of the present study was to experimentally assess the fi tness consequences of male head horn size, male-male competition and male nest-staying behaviour in Copris acutidens Motschulsky. Differences in the reproductive behaviour and breeding success of both male morphs were determined in a breeding experiment in which a rival male was absent or present.
MATERIALS AND METHODS

Model species
Copris acutidens is a common dung beetle species with obvious sexual dimorphism and dimorphism in the horn size of the males (Masumoto, 1967) . Allometric analysis in this species revealed that the horn dimorphism follows a discontinuous pattern, such that the males can be classifi ed as either a major or minor morph (Akamine, 2016) . Females care for the brood balls until the progeny emerge ( Fig. 1 ; Mizuta, 1959; Halffter & Edmonds, 1982; Imamori, 1985) . Recent observations of C. acutidens in the fi eld indicate that some males stay in the nest for more than a month or until the larvae reach the last instar (Akamine & Sato, 2011), although males are also reported leaving nests once the female has completed making a dung cake (Mizuta, 1959; Fig. 1) or laying eggs (Imamori, 1985;  Fig. 1 ).
Experiment on reproductive behaviour
To determine the differences in nest-staying behaviour of major and minor males and the effect of the presence of a rival male on this behaviour, an experiment was conducted using beetles collected from April to June in 2002 on the north side of Mt. Most females make a dung mass (a "cake") from dung carried into the nest. After approximately a week the female divides the "cake" into several brood balls and lays an egg in each ball. The female then takes care of the larvae until they emerge as adults. doi: 10.14411/eje.2016.025 ing containers, and there were no differences in the body size of females in the three groups of containers (Kruskal-Wallis test, p > 0.05).
The following nesting index was used to assess the reproductive and nesting behaviour: 1 -pairing only; 2 -burying dung in a nest; 3 -making a dung cake; 4 -caring for a brood ball containing an egg; 5 -caring for a brood ball containing a developing larva (Fig. 1) . After 12 days, the nesting index, the presence or absence of a major and/or minor male in the nest, and the weight of dung transported into nests based on either the weight of dung cake and/or brood balls (Fig. 1) were recorded.
RESULTS
The pattern of the scaling relationships between horn length and male prothoracic width was discontinuous with the horn length threshold value in Eq (2) estimated at 3.1 mm (Fig. 2) . Coeffi cient α 2 in Eq (1) was signifi cantly different from zero (α 2 = -13.5 ± 3.05, t = -4.4, p < 0.01). Coeffi cient β 3 in Eq (2) was also signifi cantly different from zero (β 3 = -0.21 ± 0.05, t = -4.5, p < 0.01).
In 15 out of 20 containers with pairs of males, one of the males was in the nest with the female. In two of the remaining fi ve containers both males were in the nest and in the remaining three containers no males were in the nest. More major than minor males stayed in the nest with females (Fig. 3 , Sign-test, one-sided test, p = 0.02). For three out of the four male pairs with the same prothoracic width, the major male was in the nest (open symbols in Fig. 3) , and in the remaining pair, neither of the males was in the nest (not shown in Fig. 3 ). On the other hand, in the 10 containers each with one major male, only three major males were in the nest with the female. The proportion of males in nests was signifi cantly higher in the two-male and one minor male treatments than the one major male treatment (Fig. 4 , Fisher's exact test, p < 0.01; Shaffer's multiple comparison test: one major male vs. two males, p < 0.01; one major male vs. one minor male, p = 0.03 ; one minor male vs. two males, p > 0.05). Nesting behaviour did not differ significantly among the three groups (Table 1, Fisher's exact test, p > 0.05). Finally, the weight of dung transported into the nest was signifi cantly lower when there were two males in a nest (Fig. 4 , Kruskal-Wallis test, p = 0.02; Tukey-Welsch multiple comparison test, one minor male vs. two males, p < 0.05; one major male vs. two males, p < 0.05; one major male vs. one minor male, p > 0.05). 
DISCUSSION
Many studies reveal the competitive advantages associated with the possession of exaggerated traits such as the ability of major males to win male-male combats and gain access to females (Eberhard, 1979; Siva-Jothy, 1987; Rasmussen, 1994; Emlen, 1997; Moczek & Emlen, 2000; Pomfret & Knell, 2006) . In Scarabaeinae, however, paternity may be far from certain: females copulate with several males because, especially in Copris and Phanaeus, copulations are a prerequisite for oocyte maturation (Halffter, 1997) . Males can ensure paternity by staying in the nest until the eggs are laid (Halffter, 1997) . Furthermore, the last male to copulate with the female has sperm priority as the spermatozoids of the most recent copulation are fi rst expelled from the spermatheca (Halffter, 1997) . The present study is based on the assumption that males that stay in the nest with females have a higher probability of being reproductively successful. The head horn in Copris species may be used in combat with other males as in other horned beetles and hence largely determine the reproductive success of a given male. This study did not reveal whether the head horn is used in male-male confl icts in C. acutidens and there is only a single fi eld observation of combat between males of C. lunaris using horns (Rommel, 1967) . These uncertainties notwithstanding, as expected major males usually expelled minor males from a nest. However, major and minor males occasionally co-occurred in a nest and sometimes it was the minor male that stayed in the nest, which indicates that in this species additional factors may affect male behaviour. This study revealed differences in behaviour in the postcopulatory period associated with horn dimorphism and the presence or absence of a rival male. A greater frequency of male nest-staying was recorded in the two-male and one minor male treatment than in one major male treatment, although the reproductive behaviour in the three groups did not differ. Sperm-competition theory predicts that male expenditure on the ejaculate should increase with risk of sperm competition (Parker, 1997), which assumes a tradeoff between the investment in the ejaculate and other reproductive activities (Simmons et al., 1999) . According to this theory, major males should stay longer in nests in the presence of a rival male due to the increased risk of sperm competition. Furthermore, minor males (which are subject to higher risk of sperm competition) might stay longer in nests than major males in the absence of a rival male. The results of this experiment are supportive of both these predictions, although they do not decisively demonstrate that male nest-staying behaviour is mate guarding. Brood balls with a developing larva were not recorded in nests because the experiment was conducted only for 12 days. Presence of a rival male affected the amount of dung in the nest. Less dung was transported into nests where there were two males, although t he amount did not differ between major and minor males when kept alone. This indicates that provisioning of nests by males was restricted due interference between rival males but that both male morphs were equally good at provisioning. Unlike in this study, major males of Onthophagus taurus provision their nests with the same amount of dung, irrespective of whether a rival male is present or not, and major O. taurus males provision their nests with more dung than minor males (Hunt & Simmons, 1998) . On the other hand, no difference in the average quantity and rate of dung provision is reported for the major and minor males of Phanaeus difformis (Rasmussen, 1994) . These disparate results could be due to differences in the breeding biology of Copris and Phanaeus on the one hand and Onthophagus on the other hand (Knell, 2011) . Male Copris and Phanaeus are characterized by low fecundity and high investment per offspring. It is therefore possible that the costs of allowing another male to mate with a female shortly before oviposition are high compared to Onthophagus and, as a result, male contribution to nesting behaviour in Copris may be reduced in the presence of a rival male unlike in Onthophagus. This pattern might be common among taxa with highly evolved nidifi cation such as Copris and Phanaeus (Halffter & Edmonds, 1982) . Last but not least, fi eld studies of C. acutidens reveal that minor males tend to emerge earlier than major males (Akamine, unpubl.) . It is also known that, in the carrion roller beetle, Canthon cyanellus cyanellus, when a male pairs with a previously mated female, the paternity of the last male to mate is signifi cantly higher for previously mated than for virgin males (reviewed in Halffter & Favila, pers. comm.) . In short, if minor males of C. acutidens emerge early in the season to avoid major males, they can mate with females before major males and employ the strategy of provisioning with the same amount of dung as major males, and then switching to an alternative behaviour associated with dimorphism, i.e. stay longer in the nests than major males in the absence of a rival male to ensure paternity. The combination of these two strategies may compensate for their reduced access to females as a result of their inferior fi ghting abilities (Okada & Hasegawa, 2005; Trillo, 2008) .
